The bradykinin B2 receptor (BDKRB2) plays a key role in the inflammation process of osteoarthritis. Nitric oxide has also long been considered to be a catabolic factor that contributes to inflammatory response and the osteoarthritis disease pathology. Several studies have reported that the BDKRB2 þ9/À9 bp polymorphisms are associated with transcription of the receptor. However, the roles of BDKRB2 polymorphisms in inflammation in osteoarthritis remain unclear. This study enrolled 156 subjects with primary knee osteoarthritis and 58 healthy volunteers. BDKRB2 polymorphisms were genotyped, and the mRNA and protein levels of BDKRB2 in synovial tissues from osteoarthritis patients were measured by quantitative real-time polymerase chain reaction and western blot analysis, respectively. Nitric oxide production in serum from patients with osteoarthritis was measured using a nitric oxide assay kit. We found that the mean BDKRB2 mRNA levels were significantly higher in Kallgren-Lawrence grade-4 osteoarthritis patients than patients with lower grade osteoarthritis. The þ9/À9 bp polymorphisms significantly affected the BDKRB2 mRNA and protein expression levels in synovial tissues from osteoarthritis subjects. Osteoarthritis patients with þ9/À9 and À9/À9 genotypes had higher BDKRB2 expression levels in synovial tissue and nitric oxide production in serum. Moreover, positive correlation was found between the BDKRB2 levels in synovial tissue and nitric oxide production. Compared with health controls, significant increases of nitric oxide production in osteoarthritis were detected which were associated with increasing severity of osteoarthritis. Multiple linear regression analysis (adjusted for gender and age) showed serum nitric oxide level was positively associated with BDKRB2 polymorphism and Kallgren-Lawrence grade and was inversely associated with obesity. Our findings showed that the BDKRB2 þ9/À9 bp polymorphisms affected the gene expression and nitric oxide production, which were associated with radiographic severity of osteoarthritis, suggesting that the BDKRB2 þ9/À9 bp polymorphisms may act as a genetic modulator of osteoarthritis, and play an essential role in inflammatory process in osteoarthritis.
Introduction
Osteoarthritis (OA), one of the most common forms of arthritis, is known to affect millions of people around the world. OA is characterized by chronic degeneration of joint structures in the body including the synovial membrane, cartilage, and bone tissues. 1, 2 The classic characteristic of this disease is the degradation of cartilage in the joint space leading to swollen, creaky joints. Epidemiological studies detail the many risk factors that predispose humans to OA; however, the events that lead to the initiation of the disease have not been identified. It has been reported that aging, trauma, hormonal, and mechanical factors all have the ability to contribute to both the onset and progression of OA. [3] [4] [5] In addition to the classical predisposing factors listed here, several studies have demonstrated that gene polymorphisms may be related to the pathogenesis of OA. [6] [7] [8] Currently, with limited diagnostic approaches, the major treatment of OA is to control the inflammation while managing the patient's pain. The administration of Bradykinin B2 receptor (BDKRB2) antagonists, which reportedly produce enduring analgesic effects in patients afflicted with OA of the knee, signifies the potential key role played by bradykinins in the progression of the disease. 9, 10 Bradykinins are inflammatory mediators belonging to a family of oligopeptides that result from the enzymatic action of kallikreins proteolytically cleaving kininogens and are vasodilators known to be produced by the synovium. 11, 12 These newly produced bradykinins contribute to both the initiation and maintenance of inflammation, leading to the production of pain, advancement of the highly catabolic state, subsequent chondrocyte apoptosis, and the progressive degeneration of articular cartilage. Most of these actions are mediated by the receptor BDKRB2. 13 BDKRB2 mediates the majority of the inflammatory events induced by bradykinin and is extensively dispersed among most tissues of the body, including the tissues of the joints commonly affected by OA. 14 The BDKRB2 is considered a stronger mediator of vasodilatation and inflammation through increased production and release of nitric oxide (NO). Previous studies indicated that increased concentration of nitrite (an NO metabolite) in serum and synovial fluid samples of patients with rheumatioid arthritis and OA and suggested a role for NO as an inflammatory mediator in rheumatic diseases. 15 The transcription of BDKRB2 is influenced by genetic polymorphisms of this receptor. Several studies reported that the BDKRB2 insertion of 9 bp (þ9) and deletion of 9 bp (À9) polymorphisms were associated with the transcriptional activity of the receptor; the þ9 but not the À9 polymorphism of BDKRB2 was associated with lower gene transcription. 16, 17 Genetic polymorphisms of the BDKRB2 are reportedly associated with a succession of pathological conditions including diabetes mellitus, 18 pulmonary artery pressure, 19 and increased left ventricular mass-associated hypertension. 20 Our previous study first showed the association between the BDKRB2 polymorphisms (þ9/À9 and À58T/C) and the susceptibility and severity of OA. 21 Despite the role of BDKRB2 in inflammation and the association of its polymorphisms and OA being documented, the roles of BDKRB2 polymorphisms in synovial inflammation remain unclear. Given the known association of the BDKRB2 with OA, its association with NO production, and the link between NO production and inflammation, we sought to investigate the association between the genetic polymorphisms of BDKRB2 and the expression of the receptor and NO production, which may be involved in inflammation reaction in OA.
Materials and methods

Patients
From February 2013 to November 2014, 156 patients with primary OA of the knee and 58 healthy volunteers were recruited for the study. The research was approved by the ethics review committee of Jinling hospital, and written informed consent was obtained from all participants of the study. Diagnosis of subjects with knee OA was made based on the American College of Rheumatology criteria 22 and the severity of OA was evaluated by the Kallgren-Lawrence (KL) grade. Patients diagnosed with other types of knee diseases, other than OA, were excluded from the patient group. And the control group had no history, signs, or symptoms of arthritis or joint disease such as joint pain, swelling, tenderness, or restricted movement. Demographic data and information on all the established risk factors including age, sex, body mass index (BMI), smoking status, knee sensitivity, and regular exercise were recorded for both groups. Obesity was defined as BMI > 30 kg/m 2 .
BDKRB2 genotyping
DNA was extracted from peripheral whole blood samples that were collected using a Qiagen DNA Isolation Kit (Qiagen, Valencia, CA, USA). Two polymorphic loci (þ9/ À9, rs5810761 and C À58 T, rs1799722) of the BDKRB2 gene were examined according to the previously described methods. 21 Allele and genotype frequencies between the OA patients and the control subjects were compared using chi-square analysis. When observed or expected values included a cell with a value less than 5, Fisher's exact test was used. In all cases, significance was accepted at P < 0.05.
Quantitative real-time polymerase chain reaction
Synovial tissue specimens were obtained from 156 OA patients during joint replacement surgery. None were obtained from controls due to ethical concerns. To compare expression levels of the different genetic variants of BDKRB2 in OA patients, RNA was extracted from the synovial tissues and used to synthesize cDNA using the Super Script First-Strand cDNA synthesis kit (Invitrogen, Grand Island, NY, USA). Gene expression was determined by quantitative real-time polymerase chain reaction (PCR) using Prime Time Mini qPCR Assays (Integrated DNA Technologies, IA, USA). PCR reactions were performed in an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems) according to the manufacturer's instructions. Quantitative expression of the BDKRB2 gene was measured relative to the average expression of the housekeeping genes HPRT1, GAPDH, and 18S. For each cDNA sample, three pipetting replicates were performed on all samples ( 
). An average of three housekeeping gene Ct value (3 Â 3) was used as the control to compare to BDKRB2. Relative expression of BDKRB2 and its variants compared with the housekeeping genes was analyzed using the 2 ÀÁCt method. Kruskal-Wallis tests were performed to assess whether there was a statistical difference between wild type BDKRB2 expression relative to the þ9/À9 and À58C/T polymorphisms. All primer and probe sequences can be found in Table 1 .
Western blot analysis
Proteins extracted from the synovial tissue were subject to sodium dodecyl sulfate polyacrylamide gel electrophoresis, and the separated proteins were electro-transferred onto polyvinylidene fluoride membranes (Millipore, Bedford, MA, USA). Nonspecific proteins on the membranes were blocked in PBS with 0.1% Tween-20 containing 5% nonfat milk for 1 h and then incubated with the rabbit anti-human BDKRB2 primary antibody (Sigma-Aldrich, St. Louis, MO, USA). The membranes were then incubated with the appropriate horseradish peroxidase-conjugated secondary antibodies (GE Healthcare, Buckinghamshire, UK).
Immunoreactive proteins were visualized with the enhanced chemiluminescence (ECL) reagent (Amersham Pharmacia, Piscataway, NJ, USA).
Measurements of NO production by NO derivatives nitrate and nitrite
Blood samples obtained were collected in EDTA-Eppendorf tubes and resulting serum, after centrifugation at 2500 rpm for 10 min at 4 C, was preserved in a À70 C until analysis. NO production was indirectly measured by NO derivatives nitrate and nitrite using a NO assay kit (Beyotime Biotechnology, Shanghai, China) according to the manufacturer's protocol. Briefly, serum samples (50 ml) were added to the 96 well plates, followed by color development with Griess reagents, the absorbance was determined at 540 nm with a luminometer plate reader.
Statistical analyses
All analyses were performed using SPSS software (Statistical Package for the Social Sciences, version 16.0, SPSS Inc., Chicago, IL, USA). Correlation data were analyzed using Pearson correlation test. Multiple regression analysis was carried out in order to validate correlations found and the importance grade of one factor into another with adjustment for gender and age. Statistical significance was evaluated using the two-tailed Mann-Whitney U-test, Kruskal-Wallis tests, or the Student's t-test for nonparametric and normally distributed data, respectively, and P values lower than 0.05 were considered to be significant.
Results
Quantitative expression of BDKRB2 in synovial tissue stratified by genotype at the BDKRB2 polymorphisms Our previous study showed the association between the BDKRB2 polymorphisms (þ9/À9 and À58T/C) and the susceptibility and severity of OA. 21 To assess the effect that the two BDKRB2 polymorphisms has on BDKRB2 expression in OA, the BDKRB2 expression in synovial tissue specimens from OA patients were detected by quantitative RT-PCR and Western blot. Details regarding the patients can be found in Table 2 . Osteoarthritic patients exhibited considerably higher BMI (more obesity) than the control individuals (P ¼ 0.001), while other demographic and clinical characteristics ( Table 2 ) showed no profound differences between the two groups. The other characteristics include sex, age, smoking status, or history of work involving heavy labor among the OA patients and the controls.
First, we analyzed the relationship between the BDKRB2 mRNA level in synovial tissue and the radiographic severity of OA. The mean BDKRB2 mRNA levels were significantly higher in KL grade-4 OA patients (2.5 AE 1.3) than KL grade-2 OA patients (1.5 AE 1.0, P < 0.001) or KL grade-3 OA patients (1.9 AE 1.2, P ¼ 0.017) (Figure 1) .
The BDKRB2 mRNA levels in synovial tissue were studied according to the genotypes of the BDKRB2 gene, and it emerged that the BDKRB2 mRNA levels in synovial tissue were significantly lower in þ9/þ9 carriers than in þ9/À9 and À9/À9 carriers (Figure 2(a) , 0.7 AE 0.4 vs. 2.1 AE 1.2 and 2.5 AE 1.2; both P < 0.001), while the genetic polymorphisms of À58T/C did not influence the BDKRB2 mRNA level in synovial tissue (Figure 2(b) , P > 0.05). Western blot analysis also exhibited similar BDKRB2 protein levels in synovial tissue from the À58T/T, À58T/C, and À58C/C genotype carriers ( Figure 3 ) and higher BDKRB2 expression levels in synovial tissue from þ9/À9 and À9/À9 genotypes. NO production in serum samples from OA patients stratified by genotype at the BDKRB2 þ9/À9 bp polymorphisms
In order to identify whether the BDKRB2 þ9/À9 bp polymorphisms had an impact on NO production in OA, NO production in serum samples of OA was measured by NO derivatives nitrate and nitrite. Our results showed that the NO levels in serum were significantly higher in þ9/À9 and À9/À9 carriers compared with the þ9/þ9 carriers (Figure 4(a) ). Positive correlation was found between the BDKRB2 levels in synovial tissue and NO production ( Figure 4(b) , Pearson correlation coefficient 0.458, P < 0.001).
The association between the NO production in serum samples and the radiographic severity of OA were also analyzed. Compared with health controls, significant increases of NO production in OA were detected which were associated with increasing severity of OA ( Figure 5 ).
Variables identified in stepwise multiple linear regression (MLR) analysis as significant independent predictors of serum NO level, and subsequently used in MLR analyses, were BDKRB2 polymorphism, obesity, KL grade, gender, and age. The final model for the dependent variable Table 3 and indicates that BDKRB2 polymorphism, obesity, and OA score had independent associations with serum NO level. In the overall OA patients, the associations between serum NO level and BDKRB2 polymorphism, obesity, and KL grade were 0.806 (P < 0.001), À0.188 (P ¼ 0.009), and 0.772 (P < 0.001), respectively. On adjusted MLR analysis (adjusted for gender and age), serum NO level was positively associated with BDKRB2 polymorphism and KL grade (b ¼ 0.804; 95% CI, 8.37 to 10.60; and b ¼ 0.259; 95% CI, 0.74 to 4.45) and was inversely associated with obesity (b ¼ À0.132; 95% CI, 3.75 to À0.65).
serum NO level is shown in
Discussion
In recent years, numerous studies have proven the biological significance of bradykinin in the regulation of various physiological conditions such as inflammation, vascular permeability, hypotension, edema, smooth muscle contraction, and glucose homeostasis. 12, 23, 24 It has been accepted that nearly all the physiologically significant effects of bradykinin are exerted by activation of the B2 receptor (BDKRB2). 25 In this study, we investigated the role of BDKRB2 gene polymorphisms in determining gene expression and NO production in serum samples of OA. Our results showed the BDKRB2 þ9/À9 bp polymorphisms are associated with increased BDKRB2 gene expression and NO production in OA.
NO was considered a catabolic factor that contributes to the development of OA by mediating the expression of proinflammatory cytokines, inducing chondrocyte apoptosis, and inhibiting the synthesis of collagen and proteoglycans. 26, 27 Previous studies have demonstrated an increase in serum and synovial fluid nitrate/nitrite in rheumatic disease including OA. 15, 28, 29 In our research, a significant increase of NO production in OA compared with health controls was also found, which was associated with increasing severity of OA. Although high levels of NO production are often thought to promote inflammatory responses, the precise role of NO in inflammation is still controversial. Recent studies suggest that NO and its redox derivatives may also have protective effects on chondrocyte. 30 Further research may help to elucidate a potential role for NO in the inflammatory process of OA.
Bradykinin (BK) is a vasodilator and inflammatory nonapeptide which is generated in OA synovium. Via activation of BK receptors, BK promotes vasodilatation by stimulating the release of NO from the vascular endothelium. Expression of BDKRB2 has been observed on the synovial lining cells, fibroblasts, and endothelial lining cells of 
Figure 5
Correlation between NO production levels in serum and radiographic severity of OA. The NO production in serum from patients with OA according to Kellgren-Lawrence (KL) grade. n ¼ the number of patients studied for each group. P-values were calculated using a Kruskal-Wallis test blood vessels from OA patients. 14, 31 BDKRB2 is involved in the initiation and maintenance of inflammation, producing pain, and activating synoviocytes and chondrocytes: the main cells involved in the homeostasis of synovial fluid and cartilage, respectively. 13, 32 BDKRB2 signaling leading to NO production via eNOS has been well studied. 33 Given the known association of the BDKRB2 with OA and its association with NO production, we found positive correlation between the BDKRB2 levels in synovial tissue and NO production in serum from patients with OA. Then, the mechanism of BDKRB2-induced NO production in OA is unclear but appears to be related to inducible NO pathway. The human BDKRB2 gene is mapped to chromosome 14q32. 34 A number of polymorphic loci in the BDKRB2 gene, including a 9-bp insertion/deletion in the first exon of the gene (þ9/À9 respectively, rs5810761) and a C to T transition in the promoter region (À58T/C, rs1799722), have been identified. 35 Previous studies demonstrated that the BDKRB2 þ9/À9 bp polymorphisms are associated with transcription of the gene. 16, 17 In this study, we investigated the role of BDKRB2 þ9/À9 and À58C/T polymorphisms in determining BDKRB2 expression. Our results showed that the 9 bp deletion (À9) in the gene encoding BDKRB2 is associated with increased expression of BDKRB2 mRNA and higher protein levels in synovial tissue. The polymorphism À58T/C did not influence the BDKRB2 expression level. Moreover, the mean BDKRB2 mRNA levels were significantly higher in KL grade-4 OA patients as compared to grade-2 and grade-3 patients, further indicating a correlation between higher levels of BDKRB2 mRNA and disease severity. In addition, we have investigated whether the BDKRB2 þ9/À9 bp polymorphisms had an impact on NO production in OA, our results showed that the NO levels in serum samples of OA in serum were significantly higher in þ9/À9 and À9/À9 carriers compared with the þ9/þ9 carriers. MLR analysis confirmed that serum NO level was positively associated with BDKRB2 polymorphism and KL grade. Our data may suggest that the increased transcription of the B2 receptor presented by À9 allele carriers is associated with higher bradykinin activity, resulting in an increase in NO production, which may be related to cartilage degradation and inflammation in OA.
There are some limitations in our study. First, a large proportion of obese patients were included in this study. A considerably significant higher BMI was found among OA patients in our study, insinuating that obesity could be important risk factor for OA not only as a mechanical factor but also due to the related increase in cytokines, which helps with OA development. Alternatively, there might have been enrollment bias in the recruitment of primary OA patients into this study. Second, despite the BDKRB2 expression was associated with NO production, further functional analyses need to be performed to disclose the mechanism under which the BDKRB2 gene polymorphisms affect the inflammation and severity of OA.
In conclusion, our data showed that the BDKRB2 þ9/ À9 bp polymorphisms affected the gene expression and NO production, which were associated with radiographic severity of OA, suggesting that the BDKRB2 þ9/À9 bp polymorphisms may act as a genetic modulator of OA, and play an essential role in inflammatory process in OA.
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